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@ Scanning near-field optic/atomic-force microscope, probe for use in same, and method of 
fabricating said probe. 



@ A combined scanning hear field optical and 
atomic force microscope (NSOM/AFM) capable of 
measuring the topography and the optical character- 
istics of the surface of a sample (37) at high resolu- 
tion irrespective of the transmittance and the con- 
ductivity of the sample is described. The apparatus, 
in one embodiment, comprises a probe (4), a light 
^ source for illuminating a sample with light (34), a 
^ photoelectric converter device (38) and optics for 
^ receiving light transmitted through the sample, a 
IX^ laser (30) for detecting deflections of the probe, a 
CD condenser lens (31 ) for directing the laser light on to 
^ the rear surface of the probe, a detection system for 
C\i detecting reflected light (32.33). a rough-motion 
CO mechanism (39) and a fine-motion mechanism (40) 
Q for moving the sample and the probe relative to each 
other, a control means for controlling the distance 
between the sample and the probe, and a computer 
(42) for controlling the whole apparatus. The probe, 
comprising a cladded single mode optical fibre, has 



a front end portion and a light-propagating body 
continuous with the front end portion. The front end 
portion and the light-propagating body are shaped 
like a hook. Methods for manufacturing the probe are 
described. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a scanning 
near-field optic/atomic force microscope for observ- 
ing the topography of a substance to be investi- 
gated, by making use of an atomic force acting 
between substances, and at the same time for 
observing the optical property of a microscopic 
region of the investigated substance by a probe 
consisting of a light-propagating body. 

Atomic force microscopes (AFMs) are capable 
of accurately observing the topography of the sur- 
face of a sample, irrespective of whether the sam- 
ple is conductive or not, in contrast with scanning 
tunneling microscopes (STMs) and, therefore, 
AFMs are widespread. Atomic force microscopy is 
a measuring method utilizing the fact that a spring 
element supporting a measuring probe is deflected 
by an atomic force acting t>etween a sample and 
the measuring probe. 

In an attempt to measure the optical char- 
acteristics and the topography of a sample, a probe 
consisting of a light transmissive medium having a 
sharp front end was brought close to the sample to 
be investigated such that the distance between 
them was less than the wavelength of the light. 
Also, some close-field optical microscopes have 
been proposed. In one of these proposed optical 
microscopes, laser light is directed from the rear 
side of a sample such that the light is totally 
reflected by the rear surface of the sample. Eva- 
nescent light leaking from the front surface of the 
sample is detected by bringing the front end of an 
optical fiber probe close to the surface of the 
sample, the probe being equipped with a fine- 
motion mechanism. The topography of the surface 
is observed in the way that the probe is scanning 
horizontally and vertically so as to detect constant 
evanescent light, or the probe is scanning horizon- 
tally so as to measure variations in the Intensity of 
the evanescent light. 

In another proposed apparatus, the front end of 
an optical fiber probe is held vertical to a sample. 
The front end is vibrated horizontally over the sur- 
face of the sample to produce friction between the 
sample surface and the front end of the probe, thus 
resulting in vibrations. Variations in the amplitude 
of the vibrations are detected as deviations of the 
optical axis of laser light which is emitted from the 
front end of the optical fit:)er and transmitted 
through the sample. A fine-motion mechanism is 
actuated to move the sample so that the distance 
between the front end of the probe and the sample 
surface is maintained constant. The surface topog- 
raphy is detected from the intensity of the signal 
applied to the fine-motion mechanism. Also, the 
transmissivity of the sample for the light is mea- 
sured. 



In a further proposed apparatus, a glass capil- 
lary having a hook-shaped front end portion is 
used. A fluorescent material is loaded into the tip 
portion of the capillary. A reflecting sheet for opti- 

5 cally detecting deflections of the probe is installed 
on the rear side of the capillary, i.e., on the op- 
posite side of the front end of the hook-shaped 
portion. Light is emitted from the back side of the 
sample and transmitted through the sample. This 

10 causes the fluorescent material at the front end of 
the probe close to the sample to emit light, which 
is transmitted through the sample. This light is 
detected on the rear side of the sample. In this 
way, the sample is investigated by atomic force 

75 microscopy. At the same time, the transmissivity is 
measured. 

A still other proposed apparatus uses a probe 
consisting of an electric conductive and light trans- 
missive medium as an STM probe so as to mea- 

20 sures the optical characteristics of the sample si- 
multaneously. 

The prior art AFM and STM techniques are 
adapted for observation of surface topography but 
are incapable of measuring the physical and 

25 chemical natures of a sample. A method of using 
light as a means for observing these properties of a 
sample is contemplated. 

Some apparatuses of close-field optical micro- 
scopes using the above-described light use eva- 

30 nescent light. In such an apparatus, light intensity 
is used as information regarding the direction of 
height. Therefore, it is impossible to separate vari- 
ations in the light intensity in the direction of height 
from light intensity variations due to absorption of 

35 light into a sample. Hence, it is difficult to use this 
apparatus as a means for measuring the physical 
and chemical properties of a sample. Where the 
sample surface is greatly uneven, light may not be 
totally reflected by the rear surface of the sample 

40 but be transmitted through it. Transmitted light rays 
may interfere with each other on the surface of the 
sample, thus hindering measurements. 

In the case of an apparatus where a probe is 
vibrated horizontally, it is necessary that the sam- 

45 pie be a substance which transmits light. In addi- 
tion, the front end of the probe vibrates horizon- 
tally. Therefore, where the sample surface is great- 
ly uneven, limitations are imposed on improve- 
ments of the horizontal resolution. 

50 In the case of an apparatus using a capillary, it 

is necessary that the sample transmit light. Also, 
the measurable wavelength of the light may be 
restricted by the used fluorescent material. 

Where the apparatus is combined with an 

55 STM, measurable samples are limited to electrical 
conductive ones. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a scanning near-field optic/atomic force micro- 
scope capable of measuring the topography and 
the optical characteristics of the surface of a sann- 
pie at high resolution, irrespective of whether the 
sample transnnits light or whether the sample is 
electrical conductive. 

It is another object of the invention to provide a 
probe which is for use with a scanning near-field 
optic/atomic force microscope, easy to manufac- 
ture, and excellent in shape reproducibility, as well 
as a method of fabricating such a probe. 

The above objects are achieved in accordance 
with the teachings of the invention by a probe for 
use with a scanning near-field optic/atomic force 
microscope, the probe comprising a light-propagat- 
ing medium having an end portion provided with a 
hole that passes light. The probe has a light-pass- 
ing hole portion which forms a sharp front end 
portion. This front end portion is made continuous 
with a light-propagating body to form a hook- 
shaped portion. The probe is further provided with 
a light-reflecting portion for optically detecting de- 
flections of the probe. The light-reflecting portion 
consists either of a light-reflecting surface formed 
on the probe itself or of a minute light reflector 
fixed to a part of the probe. 

In addition, a probe-holding body having a po- 
sition-aligning surface is installed on the hook- 
shaped portion of the probe on the opposite side of 
the front end portion. 

The above-described probe for a scanning 
near-field optic/atomic force microscope is fabri- 
cated by installing the probe-holding body, shar- 
pening the front end portion, forming the hook- 
shaped portion, and forming the light-reflecting sur- 
face or installing the light reflector. 

The step of bonding the light reflector to the 
probe consists of emitting high-power laser light 
simultaneously with formation of the hook-shaped 
portion. 

This probe has a portion coated with a reflect- 
ing film for reflecting light, the film being formed 
around a sharp light-passing hole portion. The 
coated portion, excluding the hole, extends at least 
up to the hook-shaped portion. 

A spnng element having a light-reflecting 
means on a part thereof has a front end portion 
which is bonded to the probe having the hook- 
shaped portion. In this probe for AFM, the support 
points of the probe are remoter from the front end 
than the support points of the spring element. 

The probe is further equipped with an auxiliary 
probe disposed close to the sharp front end portion 
of the probe. The auxiliary probe consists of a 
light-propagating body having an end portion pro- 
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vided with a hole for passing light. The auxiliary 
probe comprises a light-passing hole portion and a 
light-transmitting surface which is disposed close to 
the front end portion of said probe, said light- 
5 passing hole portion consisting of a flat or convex 
surface. This auxiliary probe receives either light 
which is scattered by the surface of a sample after 
being emitted from the sharpened probe or fluores- 
cent light emitted from the surface of the sample. 
70 Alternatively, the auxiliary probe emits light to the 
observed sample surface at the front end of the 
sharpened probe, and scattered light or fluorescent 
light from the sample surface is detected by the 
sharpened probe. 
75 A scanning near-field optic/atomic force micro- 

scope adapted to observe the topography and the 
optical characteristics of the surface of a sample 
comprises the above-described two probes, a light 
source and optics for irradiating the sample with 
20 light, a photoelectric converter device and optics 
for receiving light transmitted through the sample 
or light reflected from the sample, a laser for emit- 
ting laser light for detecting deflections of the shar- 
pened probe, a condenser lens for directing the 
25 laser light to the rear surface of the sharpened 
probe, a detection system for detecting reflected 
light, a rough-motion mechanism and a fine-motion 
mechanism for making a relative movement be- 
tween the sample and the sharpened probe, a 
30 control means for controlling the distance between 
the sample and the sharpened probe, and a com- 
puter for controlling the whole apparatus. 

Also, the present Invention provides a scanning 
near-field optic/atomic force microscope adapted to 
35 observe topography and optical characteristics of a 
surface of a sample compnses the atx)ve-de- 
scribed two probes, a light source and optics for 
irradiating the sample with light, a photoelectric 
converter device and optics for receiving light 
40 transmitted through the sample or light reflected by 
the sample, a mechanism for vibrating the shar- 
pened probe vertically between the front end and 
the sample, a laser for producing laser light for 
detecting deflections of said sharpened probe, a 
45 condenser lens for directing said laser light to the 
rear surface of the sharpened probe, a detecting 
system for detecting reflected light, a rough-motion 
mechanism and a fine-motion mechanism for mak- 
ing a relative movement between said sample and 
50 the sharpened probe, a control means for control- 
ling the distance between the sample and the shar- 
pened probe, and a computer for controlling the 
whole apparatus. 

The inventive scanning near-field optic/atomic 
55 force microscope uses a probe consisting of a 
light-propagating body as an ordinary probe for 
AFM, the probe having a hook-shaped front end 
portion A reflecting sheet is attached to the rear 

3 
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surface of the hook-shaped portion and is used to 
detect the degree of transformation of an atomic 
force into a displacement as a deviation of the 
position of the reflected light, by making use of the 
resilience of the light-propagating body. The atomic 
force acts between the sample surface and the 
front end of the probe. 

The support points of the light-propagating 
body are spaced from the support points of the 
spring element and thus the probe whose spring 
element is bonded to the rear side of the hook- 
shaped portion suppresses the effects of the rigid- 
ity of the iight-propagating body. A displacement 
depending on the resilience of the spring element 
can be obtained. Therefore, it is easy to set the 
resilience. 

When the probe having the probe-holding body 
installed thereon is installed on a scanning near- 
field optic/atomic force microscope, a structure that 
supports the probe-holding body can l^e readily 
realized. It is easy to mount and detach the probe. 
With a scanning near-field optic/atomic force micro- 
scope equipped with the probe on which the 
probe-holding body is installed, the distance to the 
front erxJ of the probe, the angle through which the 
hook-shaped portion is bent, and the angle of the 
light- reflecting surface can be easily adjusted. 

In the above-described method of fabricating a 
scanning near-field optic/atomic force microscope, 
the probe-holding body which is once held to the 
probe is neither detached nor moved in any of the 
steps of separating and sharp^ening the probe, 
shaping a hook-shaped form, and forming a light- 
reflecting surface or installing the light-reflecting 
surface. The probe-holding body is mounted to a 
working machine in each step, by utilizing the 
alignment surface of the probe-holding body. This 
can improve the accuracy of the length between 
the probe-holding body and the hook-shaped por- 
tion and the accuracy of the angle of the light- 
reflecting surface relative to the hook-shaped por- 
tion. Furthermore, the reproducibility of these ac- 
curacies can be enhanced. Also, it is easier to treat 
than the minute light-propagating body itself. 

The step of bonding the light reflector to the 
probe is carried out by irradiating high-power laser 
light simultaneously with formation of the hook- 
shaped portion. This can reduce the number of 
manufacturing steps. 

Where light is detected on the sharpened 
probe, the reflecting film that covers the sharpened 
probe except for the opening at the front end acts 
to avoid the effects of unwanted scattering light 
incident on the sharpened probe from other than 
the measured portion. Where the sharpened probe 
irradiates the sample with light, the reflecting film 
serves to focus the spot of the light on the sample 
surface. 



The auxiliary probe installed near the shar- 
pened probe is used to irradiate the sample sur- 
face with light or to detect scattering light or flu- 
orescent light from the sample surface. Two meth- 

5 ods are available. In one method, light is intro- 
duced into the sharpened probe. The light is di- 
rected from the front end of the sharpened probe 
to the sample. The light reflected by the sample 
surface is measured by the auxiliary probe. In the 

10 other method, light is directly directed to the sur- 
face of the sample from the auxiliary probe. Scat- 
tering light or fluorescent light is detected at the 
front end of the sharpened probe. Thus, light is 
emitted or detected, using the auxiliary probe. The 

75 position at which light is emitted or received can be 
established with greater ease than the case in 
which lenses and optics are used. Moreover, mea- 
surements can be made in such a way that only 
small space is required to be secured on the 

20 sample. 

When the probe is scanned horizontally, the 
means for making vertical vibration between the 
front end of the probe and the sample prevents the 
sample surface and the fro^M end of the sharpened 

25 probe fronn being damaged by horizontal stress 
produced between the sample and the front end of 
the probe because of the contact between them 
due to unevenness of the sample. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of a sharpened probe 
according to the invention; 
Fig. 2 is a schematic view of a sharpened prot>e 
35 according to the invention, the probe having a 
light-reflecting surface; 

Fig. 3 is a schematic view of a sharpened probe 
according to the invention, the probe having 
another light-reflecting surface; 
40 Fig. 4 is a schematic view of a sharpened probe 
according to the invention, the probe having a 
light-reflecting sheet; 

Fig. 5 is a schematic view of a sharpened probe 
according to the invention, the probe having a 

45 probe-holding body; 

Figs. 6-9 are views illustrating steps for manu- 
facturing a sharpened probe according to the 
invention, the probe having a light-reflecting sur- 
face and a probe-holding body; 

60 Figs. 10-12 are views illustrating steps for manu- 
facturing a sharpened probe according to the 
invention, the probe having a light-reflecting 
sheet and a probe-holding body; 
Fig. 13 is a schematic view of a sharpened 

55 probe according to the invention, the probe be- 
ing used together with a spring element; 
Fig. 14 is a schematic view showing the struc- 
ture of a sharpened probe and a probe-vibrating 
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piezoelectric device according to the invention; 
Fig. 15 is a schematic view showing the posi- 
tional relation annong two probes and a sample 
according to the invention, 

Fig. 16 is a schematic view of an apparatus 
according to the invention, and in which light is 
emitted from the rear side of a sample; 
Fig. 17 is a schematic view of an apparatus 
according to the invention, and in which evanes- 
cent light is measured; 

Fig. 18 is a schematic view of an apparatus 
according to the invention, and in which light is 
emitted by a probe and transmitted light is mea- 
sured; 

Fig. 19 is a schematic view of an apparatus 
according to the invention, and in which light is 
emitted by a probe and reflected light is mea- 
sured; 

Fig. 20 is a schematic view of an apparatus 
according to the invention, and in which light 
reflected by a sample is detected by a probe: 
Fig. 21 is a schematic view of an apparatus 
according to the invention, and in which a probe 
emits light and detects reflected light; and 
Fig. 22 is a schematic view of an apparatus 
according to the invention, and in which one 
probe emits light and another probe detects 
reflected light. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of a scanning near-field op- 
tic/atomic force microscope according to the inven- 
tion are hereinafter described with reference to the 
drawings. 

(Structure of Probe) 

Fig. 1 is a schematic view of a sharpened 
probe according to the invention, the probe being 
built, using an optical fiber. In Fig. 1. the optical 
fiber 1 which is a light-propagating body comprises 
a core 2 for propagating light and a cladding 3 
having a different refractive index. The optical fiber 
1 has a sharpened front end portion which is 
shaped into a hook. The sequence in which this 
probe is fabricated is now described. 

An optical fiber having a core diameter of 10 
um and a cladding diameter of 125 urn was used 
as a sharpened probe 4. The coating of synthetic 
resin was removed about 2 to 6 cm from the front 
end of the optical fiber 1. The exposed central 
portion was drawn out to opposite sides while heat- 
ing the central portion until the fiber severed at the 
central portion. For the heating described above, a 
platinum wire was wound into a coil. The optical 
fiber was passed through the center of the coil. 
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Electric current was passed through the platinum 
wire so that it got hot. In this way. the optical fiber 
was heated. It could also be fabricated by focusing 
light from a carbon dioxide gas laser onto the 
5 exposed central portion of the optical fiber and 
drawing out the central portion to opposite sides. In 
either method, the diameter of the front end can be 
made less than 0.1 um, which was small enough to 
be used in measurements. 
10 In the case of an optical fiber of the single- 

mode type used in the illustrated embodiment, the 
core diameter is about one tenth of the cladding 
diameter. Therefore, the portion transmitting light is 
about 0.01 ixm in the front end portion. The front 
76 end portion could be further sharpened by etching. 
For this etching process, mixed liquid containing 
hydrofluoric acid and ammonium fluoride at a rate 
of 1:3 was used. The front end was dipped in this 
liquid for 5 to 90 minutes. Light emitted by a 
20 carbon dioxide gas laser was focused to irradiate 
onto a portion of the optical fiber fabricated in this 
way, the portion being spaced 0.1 to 3 mm from 
the front end of the fiber. Let 0 • be the angular 
position assumed fc>efore deformation. The defor- 
25 mation produced a hook-shaped portion of about 
60 to 90'. In this case, the irradiated side ab- 
sorbed more heat than did the rear side, causing 
the irradiated side to soften. This created surface 
tension on the glass. As a result, the front end of 
30 the optical fiber was bent toward the irradiated 
side. The angle was adjusted by controlling the 
laser output while monitoring the degree of the 
bending. If the user wears protective goggles, the 
front end can be observed with the naked eye but 
35 a safer and more reliable method consists of in- 
stalling a video camera on the microscope and 
observing the front end with a video monitor. 

Fig. 2 shows a structure fabricated by forming 
a light-reflecting surface 5 by mechanical polishing 
40 on the hook-shaped portion of the sharpened probe 
4. The light-reflecting surface 5 is coated with a 
reflective metal film of gold, aluminum, chromium, 
nickel, or the like. 

Fig. 3 shows a structure obtained by forming a 
45 light-reflecting surface 5 by mechanical polishing 
on the hook-shaped portion of the sharpened probe 
5 on the opposite side of the front end. This 
structure differs from the embodiment shown tn 
Fig. 2 in position at which the light-reflecting sur- 
50 face 5 is formed. 

Fig. 4 shows a structure in which a light reflec- 
tor 6 is installed on the rear side as viewed from 
the front end of the sharpened probe 4. The light 
reflector 6 can consist of (i) a stainless steel sheet, 
55 an aluminum sheet, or other metal sheet, (ii) a 
metal sheet coated with a thin gold film to improve 
the reflectivity, or (iit) a glass substrate, a silicon 
substrate, or the like coated with a reflective metal 

5 
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film. One method of holding the light reflector 6 to 
the sharpened probe 4 is to use a vinylic adhesive 
having a curing tinne of about 10 minutes and 
exhibiting tackiness before being cured. Where the 
light reflector is fabricated by coating a glass sub- 
strate with a high-melt metal film such as molyb- 
denum or titanium, a melting-eind-bonding step us- 
ing laser light as described later can be employed. 

In the case of the sharpened probe 4 de- 
scribed above, the resilience of the light-propagat- 
ing body itself is used as a spring element without 
using a separate spring element. This can simplify 
the structure. Hence, variations in the characteris- 
tics due to variations in the state in which the 
probe is mounted to another spring element can be 
reduced. Furthermore, the structure is easy to fab- 
ricate, in addition, various characteristics including 
the resonance frequency and the Q-value can be 
made homogeneous. 

Probes fabricated in practice had resonance 
frequencies of 2 kHz to 20 kHz and Q-values of 
100 to 500. They were excellent In reproducibility. 

Fig. 5 shows a structure in which a probe- 
holding body 7 having a position-aligning surface is 
installed on the hook-shaped portion of the shar- 
pened probe 4 on the opposite side of the front 
end portion. For example, the probe-holding body 
7 comprises a support member in the form of a 
rectangular parallelepiped and a holding plate, the 
support member being provided with a V-groove 
conforming to the diameter of the optica! fiber. 
Also, the structure can be fabricated by preparing a, 
part in the form of a rectangular parallelepiped, 
forming a hole extending through the part such that 
the hole conforms to the diameter of the optical 
fiber, inserting the fiber 1 through the hole, and 
adhesively bonding the fiber to the part. If the 
probe-holding body 7 has a bottom surface and an 
end surface, then a shape other than a rectangular 
parallelepiped or a shape having a jaw for mount- 
ing may also be used. The probe-holding body 7 
can be installed directly on the optical fiber 1 or on 
the synthetic resin coating (not shown) of the fiber 
1. 

A probe for a scanning near-field optic/atomic 
force microscope is easily damaged or soiled in 
use and so it is necessary that the probe can be 
readily replaced. When the above-described probe 
is installed on a scanning near-field optic/atomic 
force microscope, a structure for holding the probe- 
holding body 7 can be easily realized. It is easy to 
mount and detach the probe. 

Figs. 6-9 show methods of fabricating a shar- 
pened probe for a scanning near-field optic/atomic 
force microscope in accordance with the present 
invention. 

Referring to Fig. 6, the coating of a synthetic 
resin is removed about 2 to 10 cm from the end of 



the fiber 1 . The probe-holding body 7 is installed 
on a portion which covers about 0.5 to 6 cm from 
the end of the fiber 1 . For example, the optical 
fiber 1 is installed on a support member provided 

5 with a V-groove conforming to the diameter of the 
fiber. The fiber is held down by a holding plate to 
form the probe-holding body 7. Also, the method 
can be effected by forming a hole extending 
through a part in the form of a rectangular parallel- 

70 epiped such that the diameter of the hole agrees 
with the diameter of the fiber, passing the fiber 1 
through the part, and adhesively bonding them 
together. 

In Fig. 7, both ends of an optical fiber 1 are 

75 drawn out while heating it until it severs. In this 
way, the fiber is sharpened. For this heating, a 
platinum wire is wound into a coil, the optical fiber 
is passed through the center of the coil, and elec- 
tric current is passed through the platinum wire so 

20 that it gets hot. in the same way as the foregoing. It 
can also be fatxicated by focusing light from a 
carbon dioxide gas laser to irradiate onto the ex- 
posed central portion of the optical fit>er and draw- 
ing out the opposite ends of the central portion. 

25 In Fig. 8. light emitted by a carbon dioxide gas 

laser is focused to irradiate onto a portion of the 
optical fiber fabricated from a sharpened probe, the 
portion being spaced 0.1 to 1 .5 mm from the front 
end of the prot>e. Let 0* be the angular position 

30 assumed before deformation. The deformation pro- 
duces a hook-shaped portion of about 60 to 90 ' . 
The bottom surface of the probe-holding bo6y 7 is 
placed at right angles to the laser light. The dis- 
tance between the laser light and the end surface 

35 of the probe-holding body 7 is maintained constant. 
In this case, the irradiated side absorbs more heat 
than does the rear side, causing the irradiated side 
to soften. This creates surface tension on the glass. 
As a result, the front end of the optical fiber Is bent 

40 toward the irradiated side. The distance between 
the end surface of the probe-holding body 7 and 
the hook-shaped portion can be kept constant and 
the direction of bending can be made at right 
angles to the bottom surface of the probe-holding 

45 body 7 by this step. 

In Fig. 9, the hook-shaped portion of the probe 
is mechanically polished while placing the bottom 
of the end surface of the probe-holding body 7 
parallel to the polished surface to form a light- 
50 reflecting surface 5. This surface 5 can be made at 
right angles to the direction of trending of the probe 
as viewed from the hook-shaped portion. Only the 
cladding is polished to prevent the core of the 
optical fiber from being exposed. The amount of 
55 polishing is so set that about one third of the probe 
diameter is polished. 

Furthermore, the probe excluding the opening 
at the front end and the light-reflecting surface 5 

6 
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are simultaneously coated with a metal film of 
nickel, chromium, gold, or other metal. Where light 
is introduced into the probe, the formed reflecting 
film removes light noise coming from sides. Where 
light is emitted from the probe, the reflective film 
enhances the directivity of the illuminating light. 
The method of coating a metal film can be sputter- 
ing, evaporation, electroless plating, or other meth- 
od. In this case, even the opening is coated with 
the reflective film. To remove the coating over the 
opening, etching using a strong acid can be uti- 
lized- Alternatively, during operation of AFM, the 
contact pressure is increased to mechanically re- 
move the coating. 

In the above-described method of fabricating 
the sharpened probe for a scanning near-field op- 
tic/atomic force microscope, the accuracy of the 
length between the probe-holding body 7 and the 
hook-shaped portion, the accuracy of the direction 
of bending of the hook-shaped portion, and the 
accuracy of the angle made between the hook- 
shaped portion and the light-reflecting surface can 
be enhanced. Furthenmore, the reproducibility of 
these accuracies can be improved. In addition, the 
probe-holding body 7 can be treated with greater 
ease than the minute optical fiber itself. Conse- 
quently, the characteristics can be made uniform. 

In the present embodiment the probe is shar- 
pened after the probe-holding body 7 is installed. 
Similar operation and utility may be obtained by 
installing the probe-holding body 7 after sharpening 
the probe. 

Figs. 10-12 show other examples of method of 
fabricating a sharpened probe for a scanning near- 
field optic/atomic force microscope according to 
the invention. 

Figs. 10 and 11 illustrate a step consisting of 
installing a probe-holding body 7 and then shar- 
pening an optical fiber 1 . This step is similar to the 
step illustrated in connection with Figs. 6 and 7. 

In Fig. 12, a light reflector 6 is formed by a 
glass substrate having a thickness of about 10 to 
100 um coated with a high-melt metal film such as 
molybdenum. This reflector 6 is spaced 0.1 to 1.5 
mm from the front end of a sharpened probe 4 and 
brought into contact with the probe 4 in parallel 
with the bottom surface of a probe-holding body 7. 
Light emitted from a carbon dioxide gas laser is 
focused to irradiate onto it to form a hook-shaped 
portion. At the same time, the light reflector 6 is 
adhesively bonded by irradiated laser light. The 
bottom surface of the probe-holding body 7 is 
positioned at right angles to the laser light. The 
distance between the laser light and the end sur- 
face of the probe-holding body 7 is maintained 
constant. Heat produced by the laser light causes 
the probe to bend as already described in conjunc- 
tion with Fig. 8. Simultaneously, the glass portion 
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of the light reflector 6 is melted and bonded to the 
probe. The distance between the end surface of 
the probe-holding body 7 and the hook-shaped 
portion can be kept constant and the direction of 
5 bending can be made at right angles to the bottom 
surface of the probe-holding body 7 by this step. 
The light reflector 6 can be made at right angles to 
the direction of bending of the probe as viewed 
from the hook-shaped portion. 
10 Fig. 13 is a schematic view of a probe using a 

spring element that is separate from an optical 
fiber. A spring element 10 having a light-reflecting 
means and a front end portion 12 is joined to the 
rear side of a sharpened probe 4 as viewed from 
15 the front end of the hook-shaped sharpened probe 
4. The spring element 10 is joined at its support 
points 13 to a support member 11. The sharpened 
probe 4 is joined to the support member 11 at its 
support points 14 which are remoter from the front 
20 end than the support points 13. 

In the illustrated example. V-shaped stainless 
steel sheets having a thickness of 10 um are used 
as a spring element. The angle is 60 • . The width 
of each sheet is 0.2 mm. The length from the 
25 support points 13 to the front end is 1.5 mm. A 
sharpened probe 4 has the support points 14 which 
are spaced about 10 mm from the front end. The 
surfaces of the stainless steel sheets which are 
opposite to the surfaces bonded to an optical fiber 
30 are smooth enough to reflect light. A brazing metal 
having a melting point of 50 'C is used to braze the 
stainless steel sheets to the probe and to braze the 
support member to the probe. The use of the 
brazing metal makes it easy to mount and detach 
35 the probe by heat. Hence, the probe can be easily 
replaced. In this case, the observed resonant point 
is in the neighborhood of 7 kHz. 

Since the resilience of this type of probe main- 
ly depends on the shape of the spring element 10, 
40 a spring charactehstic can be obtained with high 
reproducibility. Also, the spring characteristic can 
be varied at will by changing the material and the 
shape of the spring element. Another merit is that 
the angle of the reflecting sheet is not required to 
45 be adjusted. Also, it is possible to use the spring 
element 10 only as a reflecting sheet. In this case, 
the probe can be used even if the support points 
13 and 14 are close to each other. 

Fig. 14 is a schematic view of a probe using a 
50 piezoelectric device as a means for producing ver- 
tical vibrations between a probe and a sample. This 
device causes the probe to vibrate vertically rela- 
tive to the sample. A piezoelectric body 15 ex- 
pands and contracts in the direction of the thick- 
55 ness when a voltage is applied. Electrodes 16 are 
mounted to both surfaces of the piezoelectric body 
15. An AC power supply 17 capable of applying an 
AC voltage of 0.1 to 10 V at 1 to 100 kHz is 
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connected between the electrodes. The piezo-elec- 
tric body 15 is disposed in the same way as the 
support mennber 1 1 for the probe shown in Fig. 13. 
A sharpened probe 4 and a spring element 10 are 
coupled together. 

The portion of the probe excluding the opening 
at the front end is coated with a filnn of a nnetal 
such as nickel, chromium, gold, or other metal. The 
metal film coating the opening is removed by a 
etching process using a strong acid. Alternatively, 
during operation of AFM, the contact pressure is 
increased to mechanically move the metal film. 

In the embodiments described thus far, the 
probe uses an optical fiber. Another probe can be 
fabricated by forming a film of LiTaOa, LiNbOs. or 
glass on a hook-shaped resilient substrate and 
forming a light waveguide by doping. 

Fig. 15 is a schematic view illustrating a case 
in which an auxiliary probe 8 is used together with 
a sharpened probe 4 to observe a sample 9. The 
auxiliary probe 8 is composed of an optical fiber 
that is a light-propagating body, in the same way 
as the sharpened probe 4. 

An optical fiber having a core diameter of 10 
um and a cladding diameter of 125 um is used as 
the auxiliary probe 8. The coating of synthetic resin 
is removed about 2 to 6 cm from the end of the 
optical fiber. The front end portion Is cut by a fiber 
cleaver so as to form a plane. Then, light emitted 
by a carbon dioxide gas laser is focused onto this 
fiber at a position spaced 2 to 5 mm from the front 
end of the fiber. Let 0' be the angular position 
assumed before deformation. The deformation pro- 
duces a hook-shaped portion of about 60 to 90 • . 

(Configuration of Apparatus) 

Fig. 16 is a schematic view of an apparatus for 
detecting light leaking from the rear side of a 
sample, showing one example of the structure of 
an apparatus according to the invention. In Fig, 16, 
a laser 30, a condenser lens 31 , a mirror 32, and a 
photoelectric converter device 33 are installed 
above the probe 4 shown in Fig. 13 or 14. The 
converter device 33 is divided into an upper and a 
lower parts. Light emitted from the laser 30 is 
focused onto a spring element 10 by the con- 
denser lens 31, the spring element 10 acting also 
as a reflecting sheet over the probe. Light reflected 
by the spring element is introduced into the pho- 
toelectric converter device 33 via the mirror 32. 
Light emitted by a light source 34 for measure- 
ments of optical information is caused to fall on a 
sample 37 from the rear side via a collimator lens 
35, the sample being placed on a prism 36 whose 
inclined surface is so processed as to totally reflect 
its incident light. Light is introduced into the front 
end of the probe 4 close to the sample and then 
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introduced into the other end of the probe 4. Fi- 
nally, the light is introduced into the photoelectric 
converter device 38. 

The prism 36 and the sample 37 are installed 
5 on a rough-motion mechanism 39 and a fine-mo- 
tion mechanism 40 both which can move in three 
dimensions. The output signal from the photoelec- 
tric converter device 33 is sent to a ser- 
vomechanism 41. In response to this signal, the 
10 sen/omechanism 41 controls the rough-motion 
mechanism 39 and the fine-motion mechanism 40 
in such a way that the deflection of the probe does 
not exceed a given value when the probe is moved 
toward the sample or when surface is observed. A 
75 computer 42 is connected with the ser- 
vomechanism 41 to control the operation of the 
fine-motion mechanism 40 in the horizontal direc- 
tion and to take information about the surface to- 
pography from the signal controlling the ser- 
20 vomechanism. If the light from the light source 34 
is modulated, or if vibration is produced between 
the probe and the sample, the signal from the 
photoelectric converter device 38 is coupled to the 
analog input interface of the computer 42 via a 
25 tock-in amplifier 43. Thus, optical information is 
detected in synchronism with the two-dimensional 
operation of the fine-motion mechanism 40. If the 
light from the light source 34 is not modulated nor 
othenrt^ise processed, then the signal from the pho- 
30 toelectric converter device 38 Is coupled to the 
analog input interface of the computer 42 directly, 
i.e., without via the lock-in amplifier 43. 

Ftg. 17 is a schematic view of the optical 
system portion of one of novel apparatuses which 
35 detects evanescent light. Light emitted by a light 
source 34 for measurements of optical information 
is directed at such an angle to a prism 45 via both 
a coltimator lens 35 and a mirror 44 that the light 
falls on the prism 45 from a side and that the light 
40 is then totally reflected by the rear side of the 
sample. The sample 37 is placed on the prism 45 
whose inclined surface is directed upward. At this 
time, evanescent light leaks from the sample sur- 
face and is introduced into the front end of the 
45 probe 4 close to the sample 37. Then, the light is 
guided to the other end and introduced into the 
photoelectric converter device 38. The prism 45 
and the sample 37 are placed on the rough-motion 
mechanism 39 and the fine-motion mechanism 40 
50 which can move in three dimensions. 

Fig. 18 is a schematic view of the optical 
system portion of one of novel apparatuses which 
emits light from a probe 4 and detects transmitted 
light. Light emitted by a light source 34 for mea- 
55 surements of optical information is introduced into 
the probe 4 by a condenser lens 49 and directed to 
the surface of a sample 37 from the front end of 
the probe that is close to a prism 36. The inclined 
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surface of this prism 36 is coated such that it 
totally reflects its incident light. The sample 37 is 
placed on the prism 36. Light reflected by the 
internal surface of the inclined surface of the prism 
is collimated by a lens 50 and focused onto a 
photoelectric converter device 38 by a lens 51. The 
prism 36 and the sample 37 are placed on a rough- 
motion mechanism 39 and a fine-motion mecha- 
nism 40 which are able to move In three dimen- 
sions. 

Fig. 19 is a schematic view of one novel ap- 
paratuses which uses a probe on the light projector 
side and measures reflected light. Light emitted by 
a light source 34 is focused by a lens 57 and 
introduced into an optical fiber 4. The introduced 
light is then directed to the sample surface from 
the front end of the probe 4 that is close to the 
sample. Light reflected by the sample 37 is fo- 
cused onto a photoelectric converter device 38 by 
a receiving lens 56 which is placed on the top 
surface of the sample. The sample 37 is placed on 
a rough-motion mechanism 39 and a fine-motion 
mechanism 40 which are capable of moving in 
three dimensions. 

Fig. 20 is a schematic view of one of novel 
apparatuses which uses a probe on the light re- 
ceiver side and measures reflected light. Light 
emitted by a light source 34 installed on the top 
surface of the sample is directed onto a sample 37 
via a lens 58. Of the light reflected by the sample 
surface, light reflected by around the front end of 
the probe close to the sample surface is introduced 
into the optical fiber from the front end of the 
probe. Then, the light is directed onto the surface 
of the photoelecthc converter device 38 from the 
end of the probe. The sample 37 Is placed on a 
rough-motion mechanism 39 and a fine-motion 
mechanism 40 which are capable of moving in 
three dimensions. 

Fig. 21 is a schematic view of one of novel 
apparatuses which is of the reflected light mea- 
surement type, i.e., uses a probe for both projec- 
tion and reception of tight. Light emitted by a light 
source 34 is collimated by a lens 52 and transmit- 
ted through a beam splitter 53. Then, the light is 
focused by a lens 54 and introduced into the 
optical fiber 4. The introduced light is directed onto 
the sample surface from the front end of the probe 
4 close to the sample 37. Light reflected by the 
sample 37 is again introduced into the probe 4 
from the front end of the probe. Then, the light 
leaves the probe from its end and is collimated by 
the lens 54. The component of the light which is 
reflected at an angle of 90* by the beam splitter 
53 is focused onto the photoelectric converter de- 
vice 38 by a lens 55. The sample 37 is placed on a 
rough-motion mechanism 39 and a fine-motion 
mechanism 40 which are capable of moving in 
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three dimensions. 

Fig. 22 is a schematic view of an apparatus 
which emits light from a sharpened probe 4 and 
detects light by an auxiliary probe 8, showing one 
5 exannple of the structure of an apparatus according 
to the invention. In Fig. 22. a laser 30, a condenser 
lens 31, a mirror 32, and a photoelectric converter 
device 33 are installed above the sharpened probe 
4. The converter device 33 is divided into an upper 
10 and a lower parts. Light emitted by the laser 30 is 
focused onto the light-reflecting surface 5 of the 
sharpened probe 4 by the condenser lens 31 . Light 
reflected by the light-reflecting surface 5 is intro- 
duced into the photoelectric converter device 33 
75 via the mirror 32. The light emitted by the light 
source 34 is converged by a lens 49 and intro- 
duced into the core from the end opposite to the 
front end of the sharpened probe 4. The introduced 
light is directed onto the sample surface from the 
20 front end of the sharpened probe 4 that is close to 
the sample. Light reflected by the sample is guided 
into the photoelectric converter device 38 by the 
auxiliary probe 8 which is installed on the top 
surface of the sample. The sannple 37 is placed on 
25 both a rough-motion mechanism 39 and a fine- 
motion mechanism 40 which are capable of nnoving 
in three dinnensions. 

The output signal from the photoelectric con- 
verter device 33 is sent to the servomechanism 41 . 
30 In response to this signal, the servomechanism 41 
controls the rough-motion mechanism 39 and the 
fine-motion mechanism 40 in such a way that the 
deflection of the probe does not exceed a given 
value when the probe is moved toward the sample 
35 or when surface is observed. A computer 42 is 
connected with the servomechanism 41 to control 
the operation of the fine-motion mechanism 40 in 
the horizontal direction and to take information 
about the surface topography from the signal con- 
40 trolling the servomechanism. If the light from the 
light source 34 is modulated or vibration is pro- 
duced between the probe and the sample, the 
signal from the photoelectric converter device 38 is 
coupled to the analog input interface of the com- 
45 puter 42 via a lock-in amplifier 43. Thus, optical 
information is detected in synchronism with the 
two-dimensional operation of the ftne-motion 
mechanism 40. If the light from the light source 34 
is not modulated nor otherwise processed, then the 
50 signal from the photoelectric converter device 38 is 
coupled to the analog input interface of the com- 
puter 42 directly, i.e.. without via the lock-in am- 
plifier 43. 

If a piezoelectric device for vibrating the shar- 
55 pened probe vertically relative to the sample is 
used to produce vertical vibrations between the 
probe and the sample, a piezoelectric body 15 
expanding and contracting in the direction of the 
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thickness when a voltage is applied is installed on 
the probe. Electrodes are mounted to both surfaces 
of the piezoelectric body 15. An AC power supply 
capable of applying an AC voltage of 0.1 to 10 V at 
1 to 100 kHz is connected between the electrodes. 

On the other hand, where the auxiliary probe 8 
emits light and the sharpened probe 4 detects 
light, the light source 34 and the lens 49 are 
installed on the opposite side of the auxiliary probe 
8. The photoelectric converter device 38 is installed 
on the opposite side of the sharpened probe 4. 

In the apparatuses described thus far, a 
photomultiplier, a photodiode, a photodiode array, 
or a CCD image sensor can be used as the pho- 
toelectric converter device 38. If necessary, an 
optical filter, a grating, or other spectral dispersion 
device is installed in front of the photoelectric con- 
verter device 38, whereby information about 
wavelengths can be observed- The light source 34 
can consist of a semiconductor laser, a He-Ne 
laser, an Ar laser, a nitrogen laser, a YAG laser, 
other laser, or a combination of a conventional 
white light source and a monochromator. Where 
the detected light is quite weak as encountered 
where evanescent light is measured, it is necessary 
that the light ennitted by the light source be modu- 
lated and that the synchronized component be 
taken from the detector output to remove noise. In 
the case of a semiconductor laser, electrical cur- 
rent flowing through the laser element can be con- 
trolled by pulses to modulate the light. 

Where other light source is used, the light can 
be modulated by the use of a mechanical light 
chopper, an EO modulator (electrooptica! modula- 
tor), or an AO modulator (acoustooptic modulator). 
Where vibrations are produced between the probe 
and the sample, these vibrations produce the same 
effect as modulation. A piezoelectric ceramic cyl- 
inder having a length of 100 mm, an outside diam- 
eter of 10 mm, and a wall thickness of 1 mm is 
used as the fine-motion mechanism 40. This fine- 
motion mechanism moves 150 um in X- and Y- 
directions and 5 um in the Z-direction. The means 
for producing vibrations between the probe and the 
sample is not limited to the means shown in Fig. 
14. The vibrations can also be produced by Z- 
direction motion of the fine-motion mechanism 40. 
A bimorph cell for vibrating the sample in the Z- 
direction can be added to the fine-motion mecha- 
nism 40. 

Where light is emitted from the auxiliary probe, 
the spot of light can be reduced by polishing the 
end surface of the auxiliary probe so as to make 
the surface convex. 

In the apparatus built in this way, where trans- 
mitted light was to be measured, two-dimensional 
information about transmittance, absorbance, and 
fluorescent light could be measured simultaneously 



with observation of an AFM image. Where reflected 
light was measured, we discovered that the appara- 
tus was suited for measurements of the transmit- 
tance, absorbance of the sample surface and of 

5 fluorescent light from the surface. Resolutions of 10 
nm could be achieved in obtaining AFM image and 
two-dimensional optical information. 

In the present embodiment of the novel ap- 
paratus, the probe is fixed, and the operating 

10 means is mounted on the side of the sample. It is 
also pKDSSible to build an apparatus in which an 
operating means is mounted on the side of the 
probe, and in which a sample is fixed. 

The inventive probe and apparatus can realize 

75 an apparatus capable of measuring the topography 
and the optical characteristics of a sample surface 
at high resolution, irrespective of the transmittance 
and the conductivity of the sample. 

Especially, where the resilience of a sharpened 

20 probe itself is used as a spring element and a light- 
reflecting surface is formed directly on the probe, 
an accurate probe which Is easy to fabricate can 
be obtained. 

The probe having the thin resilient film bonded 

25 to the rear side of the hook-shaped portion sup- 
presses the effects of the rigidity of the light- 
propagating body by spacing the support points of 
the light-propagating body a great distance from 
the support points of the resilient film. A displace- 

30 ment depending on the resilience of the thin resil- 
ient film can be obtained. Also, the resilience can 
be set easily. A probe excellent in reproducibility 
can be provided. 

In addition, an apparatus capable of measuring 

35 not only the topography and the optical characteris- 
tics of the surface of a sample but also scattered 
light and fluorescent light can be accomplished by 
using an auxiliary probe along with a sharpened 
probe. 

40 

Claims 

1. A probe comprising a light-propagating me- 
dium provided with a hole at its one end to 
45 pass light, said hole having a sharp front end 

portion which is made continuous with a light- 
propagating body to form a hook-shaped por- 
tion. 

50 2. A probe according to claim 1 , further compris- 
ing a light-reflecting means for optically detect- 
ing deflections of the probe, said reflecting 
means being disposed on the back side of the 
probe as viewed from a front end of the hook- 

55 shaped portion of said probe. 

3. A probe according to claim 2, wherein said 
light-reflecting means is a light-reflecting sur- 
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face formed on said probe. 

4. A probe according to claim 2, wherein said 
light-reflecting means is a minute light-reflect- 
ing body installed on said probe. 5 

5. A probe according to claim 1, further compris- 
ing a spring element having a light-reflecting 
means at least on a part thereof, said spring 
element having support points, a part of said io 
spring element being bonded to a back side of 

the probe as viewed from a front end of the 
hook-shaped portion of said probe; and said 
support points of said probe being remoter 
than the support points of the spring element 75 
from the front end of the probe. 

6. A probe according to claim 1, further compris- 
ing a probe-holding body having a position- 
aligning surface and mounted on the hook- 20 
shaped portion of said probe on the opposite 

side of the front end portion. 

7. A probe according to claim 1. wherein said 
probe has a portion coated with a light-reflect- 25 
ing filnn. said portion excluding said hole, said 
portion being located around said hole, said 
portion extending at least up to the hook- 
shaped portion. 

8. A method of fabricating a probe for a scanning 
near-field optic/atomic force microscope, said 
method comprising the steps of: 

installing a light-propagating body having a 
front end portion on a probe-holding body; 

sharpening the front end portion of said 
light-propagating body; 

shaping the light-propagating body into a 
hook; and 

forming a light-reflecting means on the 
light-propagating body. 

9. A method of fabricating a probe for a scanning 
near-field optic/atomic force microscope as set 
forth in claim 8. wherein said step of forming a 
light-reflecting means consists of installing a 
minute light reflector on the probe, and 
wherein a step of irradiating high-power laser 
light to shape the front end portion of the light- 
propagating body into a hook is carried out 
simultaneously with installation of said light 
reflector. 

10. A scanning near-field optic/atomic force micro- 
scope adapted to observe topography and op- 55 
tical characteristics of a surface of a sample, 

said microscope comprising: 

a probe having a front end portion pro- 



vided with a hole for passing tight, and a light- 
reflecting means on a part thereof; 

a light source and optics for irradiating the 
sample with light; 

a photoelectric converter device and optics 
for receiving light transmitted through the sam- 
ple or light reflected by the sample; 

a laser source for producing laser tight for 
detecting deflections of said probe; 

a condenser lens for directing said laser 
light to said light-reflecting means of said 
probe; 

a detecting means for detecting light re- 
flected from said light-reflecting means; 

a moving means for making a relative 
movement between said sample and said 
probe; and 

a control means for controlling a distance 
between the surface of the sample and a front 
end of said probe. 

11. A scanning near-field optic/atomic force micro- 
scope according to claim 10. further compris- 
ing a means for vertically vibrating the front 
end of said probe and said sample relative to 
each other. 



12. A scanning near-field optic/atomic force micro- 
scope according to claim 10, further compris- 

30 ing an auxiliary probe consisting of a light- 

propagating body having an end portion pro- 
vided with a hole for passing light, and wherein 
said auxiliary probe comprises a light-passing 
hole portion and a light-transmitting surface 
35 which is disposed close to the front end por- 

tion of said probe. 

13. A scanning near-field optic/atomic force micro- 
scope according to claim 12, wherein said 

40 light-passing hole portion of said auxiliary 

probe is formed in a convex surface. 
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